Abstract So far, only three small outdated studies have investigated hepatitis C virus (HCV) incidence and risk factors among illicit drug users (DUs) in Italy. Thus, during 2007-2010, we conducted a prospective cohort study among DUs attending 17 Italian rehabilitation centers serving urban areas. Two hundred eighty-four HCV-uninfected DUs were prospectively followed by interview and anti-HCV antibody and RNA testing every 6 months. Incidence was calculated using the person-years method. Infection predictors were assessed by time-dependent Cox analysis. Participants were mostly male (83.4%), under opioid substitution therapy (OST) (78.9%), non-injecting DUs (67.9%), and with a mean age of 30.8. Ninety-one of 224 DUs initially under OST interrupted treatment during the follow-up. Overall HCV incidence was 5.83/100 person-years at risk (PYAR) [95% confidence intervals (CI), 3.63-9.38]. The incidence did not significantly differ according the participants' sociodemographic characteristics or the degree of urbanization of the towns involved in the study. The incidence was higher for DUs under than for those not under OST (6.23 vs 4.50/100 PYAR; p = 0.681). Incidence was also higher for those with than for those without OST interruption (7.17 vs 5.04/100 PYAR; p = 0.55). However, all these differences were nonsignificant. At last follow-up visit, a significant decrease in frequency of sharing equipment for preparation/using drugs (by injection or not) was observed by analyzing either the whole cohort or DUs under OST only. Anti-HCV seroconversion resulted independently associated with sharing drug preparation/use equipment, backloading, having a HCV-positive sexual partner, or household and (marginally) intravenous injection. In J Urban Health (2018) 95:99-110 
Introduction
Infections are common among illicit drug users (DUs). In particular, unsafe drug injections may favor transmission of important blood-borne pathogens, including hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) [1] . HCV transmission occurs frequently among intravenous drug users (IDUs). Nearly 10 million IDUs worldwide (67%) had antibodies against HCV (anti-HCV) in 2010 [1] . Also, among non-injecting drug users (NIDUs) smoking or inhaling drugs, higher anti-HCV prevalence rates than in non-drug users have been reported [2] . Globally, reported HCV incidence rates among IDUs range from 3.8 to 66/100 person-years at risk (PYAR), with most between 20 and 40/100 PYAR [3, 4] .
In Italy, HCV prevalence has declined among the general population [5] [6] [7] . The most recent seroepidemiological studies reported an overall prevalence of 2.6%, with rates increasing by age [6, 7] . According to the Italian surveillance system for acute viral hepatitis, during the period 2003-2010, the incidence of acute symptomatic hepatitis C among the general population decreased from 0.7 to 0.2 per 100,000 people, but IDUs showed still the highest infection risk [5] . In late 2000s, two studies found among DUs attending Italian public drug dependency rehabilitation centers (DDRCs) anti-HCV prevalence rates of about 71 and 64%, respectively [8, 9] . These were among the highest rates in Europe and were similar to those found among Italian DUs during the 1990s [10, 11] . So far, despite this epidemiological situation, only three small and by now quite outdated studies have investigated the incidence of and risk factors for HCV infection among DUs in Italy [11] [12] [13] . Thus, it seems that in Italy, HCV transmission among DUs has remained essentially uncontrolled, despite the adoption of harm reduction interventions (HRI), namely injecting equipment provision (IEP) and opioid substitution therapy (OST) since mid-1990s.
Various IDUs' behaviors, collectively characterizing the Bhigh risk drug use (HRDU) behavior^, seem particularly effective in transmitting HCV. Among them, frequent drug injection, and several drug use/ preparation equipment sharing practices, characteristic (typical) of group-injecting settings are those most often cited [14] [15] [16] [17] [18] . An increased HCV infection risk has also been found among NIDUs, being it associated with drug use duration and frequency, non-injecting equipment sharing, sexual behavior, and tattooing [2] .
In this study, to bridge the gap in the knowledge of HCV epidemiology among illicit DUs in Italy, we prospectively followed up a cohort of HCV-uninfected DUs attending public DDRCs serving urban areas scattered throughout the country. The aims of our investigation were to determine HCV incidence and risk factors and to evaluate the impact of OST (the HRI with the highest coverage in Italy) [19] on them.
Methods

Settings and Study Population
The study was performed during 2007-2010 in 17 Italian DDRCs, operating in 11 public Local Health Care Districts serving urban communities scattered throughout the country (4 in the north, 4 in the center, and 3 in the south). DUs attending these DDRCs underwent 6-month interval counseling and screening for blood-borne pathogens. All consecutive DUs (without age limit) who resulted anti-HCV negative at the last screening, or were presumed to be so, based on self-reported information, were considered eligible for the study. Eligible individuals were invited to participate in the study and, if agreed, enrolled in the cohort and scheduled for baseline interview and blood sampling for HCV testing.
Baseline anti-HCV-negative DUs underwent follow-up visits planned every 6 months, for 1 year. At each follow-up visit, participants were reinterviewed, recounseled, and retested for HCV. Baseline anti-HCV-positive DUs were excluded from the follow-up but were offered referral for further medical evaluation. Free vaccination was offered to participants testing HBV negative. Participants gave signed informed consent. The study was approved by Istituto Superiore di Sanità Ethics Committee and has been performed according to the World Medical Association Declaration of Helsinki.
Laboratory Tests
Sera were tested for anti-HCV by a third-generation chemiluminescent microparticle immunoassay (ARCHIETECT Anti-HCV assay, ABBOTT, Wiesbaden, Germany). Reactive samples were confirmed using HCV recombinant immunoblot assay (RIBA) Deciscan HCV Plus (Biorad, Marnes-la-Coquette, France) and tested for HCV RNA by a commercial real-time RT-PCR assay (Real-TM HCV, Abbott Molecular Inc., Des Plaines, IL, USA) (detection limit 12 IU/mL). RIBA and/or HCV RNA-positive samples were considered true positive. All samples testing anti-HCV negative at the last follow-up visit were assessed for HCV RNA to detect window period infections.
Data Collection
A baseline interview questionnaire elicited information on sociodemographic, drug use history, as well as OST status, drug use and sexual behaviors, and other HCV risk factors within the previous 6 months. Details on collected information are displayed in Table 1 .
Analysis
The final cohort included only baseline-negative anti-HCV DUs having at least two visits at least 6 months apart.
An HCV incident case was defined as the occurrence of a positive anti-HCVand/or HCV RNA test during the follow-up in a participant anti-HCV negative at baseline. The date of infection was defined as the midpoint between the last negative and first positive anti-HCV and/or HCV RNA test dates.
PYAR was computed for DUs who acquired infection as the time elapsing from the date of the first anti-HCV negative test to the date of infection. For DUs who remained anti-HCV negative, PYAR was computed as the difference between the dates of the first and last negative test. Behaviors reported at the time of the last anti-HCV negative test and first anti-HCV and/or HCV RNA positive test (both referred to the previous 6 months) were used for nonseroconverters and seroconverters, respectively.
Incidence rates (IRs) and their 95% confidence intervals (CIs) were calculated for 100 PYAR. Poisson distribution and test-based methods were used for building CIs and comparing IRs between groups.
The time-dependent Cox proportional-hazards model was used to determine variables associated with HCV seroconversion. Time-dependent covariates were included in the model.
Both univariate and multivariate Cox regression models, calculating crude and adjusted hazard ratios (HR), were used for risk factor analysis. Variables for multivariate analysis were selected by a stepwise method. Since the limited number of seroconversions, separate multivariate models for discrete blocks of variables were used including only variables with a p value < 0.05.
Chi-square and Fisher tests were used for comparison of frequencies between groups. A p value of 0.05 was considered significant.
All analyses were performed using STATA version 13 (StataCorp, LP, College Station, TX).
Results
Of 432 eligible DUs, 404 agreed participating in the study. Of them, 43 (10.6%) resulted anti-HCV positive at baseline being thus excluded. Of the remaining 361 DUs, 77 (21.3%) underwent only the baseline visit and were then lost to follow-up. The final cohort included 284 DUs (92, 85, and 107 from northern, central, and southern DDRCs, respectively); among them, 105 and 179 underwent in total 2 and 3 visits, respectively. Participants were mostly males (83.4%), NIDUs (67.9%), under OST (78.9%), with a mean age of 30.8 ± 7.6 years. They differed significantly from those lost to follow-up on some drug-related variables (abuse initiation age, drug injection frequency, heroin use, and OST) ( Table 1) .
Seventeen HCV seroconversions were detected during the follow-up, yielding an overall IR of 5.83/100 PYAR (95% CI, 3.63-9.38; total PYAR, 291.4). Table 2 shows IRs for all considered variables. Table 1 Baseline features of the individuals included in the study and comparison between the final cohort and lost to follow-up Agreeing participants (n = 361)
Final cohort (n = 284) Lost to follow-up (n = 77) Three of 17 seroconverters belonged to the group of 60 DUs not undergoing OST throughout the study. The IR for this sub-group was 4.50/100 PYAR (95% CI, 1.45-13.95; total PYAR, 66.7). These three seroconverters were NIDUs.
Fourteen of 17 seroconverters belonged to the group of 224 DUs under OST for which the IR was 6.23/100 PYAR (95% CI, 3.69-10.52; total PYAR, 224. 7). Heights of these 14 seroconverters were IDUs, while 6 were NIDUs. Difference in incidence between DUs under OST and those not under OST was non-significant (p = 0.681).
Ninety-nine of 224 DUs under OST (44.2%) interrupted their treatment during the follow-up. Of them, 35 (35.3%), 61 (61.7%), and 3 (1.3%) interrupted OST for a period of less than 3 months, 4-6 months, and more than 6 months, respectively. Five and nine seroconversions occurred among DUs with (IR, 5.04/100 PYAR; 95% CI, 2.17-11.26; total PYAR 99.2) and without OST interruption (IR, 7.17/100 PYAR; 95% CI, 3.82-13.07; total PYAR, 125.5), respectively, without significant difference in IR between these groups (p = 0.45). At the last follow-up visit, a decrease in frequency of all reported HRDU behaviors was observed in comparison to the baseline (Table 3) . A significant decrease in frequency was evident either for drug injecting equipment sharing or for drug use/preparation equipment sharing (i.e., sharing of all devices used for injecting, smoking or inhaling drugs, taken together) only when the whole cohort or the under OST sub-group were considered (Table 3) . Besides, all reported HRDU behaviors were more frequent among DUs with than among those without OST interruption during the follow-up. This difference was however non-significant (data not shown).
Results of risk factors analysis are shown in Table 4 . After multivariate analysis, an independent association with HCV seroconversion was found for backloading, drug use/preparation equipment sharing (which included the sharing of all devices used for preparing/ injecting/smoking/inhaling drugs), having a HCV- OST opioid substitution therapy, n/n row proportion, % percentage, p p value, IDU intravenous drug use, ≥ 3 T/W injecting drugs 3 or more times a week a Sharing of injecting equipment in this analysis includes needles/syringes sharing (an infrequent practice in this study) and also sharing of other injecting paraphernalia (water, drugs, acids, spoons, lighters, filters etc.) and backloading, all taken together b Backloading is a practice whereby a drug solution is squirted from a donor syringe to another by removing the plunger. In this, table is also considered alone, separated from other types of sharing procedures c It includes the sharing of all devices used for preparing/injecting/smoking/inhaling drugs positive household/sexual partner, and (marginally) intravenous drug injection.
Discussion
The overall HCV incidence found in this study was 5.83/100 PYAR. The incidence was higher, although not significant, for DUs under OST than for those not under OST. Anti-HCV seroconversion resulted independently associated with sharing drug preparation/use equipment, backloading, having a HCV-positive sexual partner or household, and (marginally) intravenous injection.
Previously published studies reporting HCV incidence among Italian DUs, apart from time period (all of them were performed during 1991-1993), differ from this study in several aspects, partly related to study design and size, partly to the risk exposure profile of the respective cohorts [11] [12] [13] . One study was a retrospective analysis of screening data from individuals attending a sexually transmitted disease (STD) clinic in Rome [12] . Participants having ≥ 2 anti-HCV tests included also 12 IDUs for which HCV incidence was 30.3/100 PYAR. Another study investigating prospectively a sample of 34 IDUs attending a DDRC in a northern small town found a HCV incidence of 6.2/ 100 PYAR [11] . The third study performed on a sample of 106 IDUs prospectively followed up in three DDRCs in Naples reported an incidence of 28.6/100 PYAR [13] . Hence, our study is the largest and most methodologically appropriate assessment of HCV incidence and risk factors ever performed among DUs in Italy. In comparison with these Italian studies, our estimated HCV incidence was close to that by Galeazzi et al. (6.2/100 PYAR) [11] . This might be due to the low-tomoderate risk exposure profile of both study populations. Whereas, the cohort investigated by Rezza et al. [13] (all participants were IDUs, mostly daily injectors and not under OST) and the small IDUs group studied by Giuliani et al. (all participants were active IDUs and at increased risk of STDs) [12] had both a moderate-tohigh risk exposure profile. Anyhow, in our study, HCV incidence was much higher than those reported in earlier and recent Italian general population studies [5, 20, 21] .
Our estimated overall HCV incidence also closely paralleled those of studies performed abroad among DU cohorts with a similar risk exposure profile and/or undergoing HRI [15, [22] [23] [24] [25] [26] [27] . However, in our cohort, participants with high-risk exposure characteristics showed IRs at least twofold higher than the overall cohort incidence. This is consistent with data of other prospective studies performed abroad in moderate-tohigh risk exposure DUs cohorts [17, 18, 28, 29] and with the results of a recent review of 17 incidence studies among European IDUs [4] . This review reported a median HCV incidence of 13/100 PYAR (range, 5.2-42/100 PYAR), with particularly high rates among active/recent IDUs.
However, the incidence in our cohort was not negligible considering its overall risk exposure profile. The absence of significant differences in IRs between DUs under OST and those not under OST suggests a lacking effectiveness of OST in reducing HCV incidence. This view is reinforced by the observation that the IR for DUs not interrupting OST was even higher (although nonsignificant) than that for those interrupting OST.
In our cohort, at last follow-up visit, a decrease in frequency of all reported HRDU behaviors was observed in comparison to the baseline. However, this decrease was statistically significant only for drug preparation/using (by injection or not) equipment sharing and only when the whole cohort or DUs under OST were considered. This finding suggests at least a partial effectiveness of OST in reducing HRDU behavior and is consistent with the observation that at last visit all HRDU behaviors were more frequent (although nonsignificant) among DUs with than among those without OST interruption. Indeed, recent studies have shown that only combination of OST and IEP, at sufficient coverage, can significantly reduce HCV incidence among IDUs [3, 24, 26, 30] . Most of these studies also reported a contemporary decrease in some HRDU behaviors (mainly injection frequency and/or injecting equipment sharing), but no significant reduction in HCV incidence when OST or IEP were administered alone [3, 24, 26] . Besides, a recent review of reviews by MacArthur et al. on the effectiveness of the full range of HRI, in relation to HIV and HCV incidence and HRDU behavior [31] , found for OST a sufficient evidence of effectiveness in reducing HRDU behavior (documented either for injection frequency or for sharing of needles/ syringes or other injecting equipment). Conversely, only a tentative review-level (i.e., little evidence) was found as regards OST effectiveness in reducing HCV transmission. In fact, most of reviewed studies showed no or non-significant association between OST (or remaining in OST throughout the follow-up) and HCV incidence reduction. Even one of these studies, paralleling our findings, reported a higher incidence among DUs under OST throughout the follow-up than among those who were not under OST or interrupted it during the followup, thus [32] .
Why this different impact of OST on HCV incidence and HRDU behavior? It is possible that the decreased frequency of some HRDU behaviors induced by OST is not per se sufficient to reduce HCV incidence too, also considering that several factors may favor HCV transmission in drug using groups. This would be consistent with the reported higher efficiency in reducing HCV incidence of combined HRI respect to OST or IEP alone [3, 23, 26, 30] . Combined interventions supporting different strategies (drug use and injection frequency reduction, sterile equipment availability, etc.) have likely more chances to negatively affect HCV transmission. Another possible explanation is that OST's overall effectiveness might be influenced by underdosing. Indeed, in most studies revised by MacArtur et al., the OST dose used was unclear [31] . A recent Canadian study showed a strong dose-response protective effect of increasing methadone-maintained therapy on HCV incidence [22] . Unfortunately, we also did not record the OST dosage.
Syringes/needles sharing occurred infrequently in our cohort, while sharing of other drug use/ preparation equipment, including backloading, was common. Sharing drug use/preparation equipment other than syringes or needles is likely perceived by DUs as less risky. Instead, as evidenced by a recent meta-analysis, the risk of HCV transmission through shared drug use/preparation equipment is similar to that found for syringes/needles sharing, accounting actually for a large proportion of infections [14] . In our risk factor analysis, we considered separately syringes/needles sharing, backloading, and drug use/ preparation equipment sharing, this latter including also backloading and the sharing of all devices used for preparation of injecting drug or for smoking or inhaling drugs. This choice was motivated by three reasons: not reducing the statistical power of analysis; our cohort was mostly composed by NIDUs at baseline; among IDUs (who usually smoke or inhale drugs too), sharing of filters, cups, rinsing water or backloading, or other devices rarely occur in isolation. An association between HCV infection and drug use/preparation equipment sharing (with similar IRs) among DUs has been already reported by others [16] [17] [18] 25] , which have also demonstrated that most such infections could be prevented by eliminating these practices [14, 18] .
The strong association we found between anti-HCV seroconversion and having a sexual/household relationship with HCV-positive individuals is consistent with the findings of a recent Italian general population study on risk factors for acute symptomatic hepatitis C [5] . However, the actual role and mechanism(s) of this exposure in acquiring HCV are still debated [33] . A higher anti-HCV prevalence in sexual and, to less extent, household HCV carrier's contacts than in general population has been reported [33, 34] . Conversely, longitudinal studies have reported no or very rare transmission among heterosexual HCV-discordant couples [35, 36] . It is now clear that apart from intercourses involving bleeding or those between individuals with STDs (particularly HIV), sexual contact is not an efficient way to transmit HCV [33] . This has been also demonstrated in HCV-discordant heterosexual DU couples among which transmission seemed associated with couples' druginjection behavior, instead [37] . Sexual/household relationships with other DUs may result in a high rate of syringes/needles and drug use/preparation equipment sharing [17, 38] . Besides, awareness about sexual/ household partner HCV status may have only limited impact on sharing practices, particularly if considering drug use/preparation equipment sharing between individuals in sexual relationship [38] . Thus, incident cases reporting sexual/household relationships with HCVcarries could be due to drug-related sharing practices or domestic parenteral transmission rather than to sexual transmission.
Our study has several limitations; firstly, the study population was a convenient sample of DUs attending Italian DDRCs, but might not represent all DUs. Besides, sample size and limited number of seroconversions could have hindered identification of infection predictors. The sample size was anyway comparable or larger than that in previous studies [13, 15-17, 22, 25, 29, 30] . The differential loss to follow-up might have also influenced study findings, even if loss to follow-up was not associated with exposures predicting seroconversion. In addition, OST dosage was not recorded and exposures were based on self-reported data; thus, both recall and social desirability bias might have diluted associations. Finally, we did not collect individual accurate information on the participants' residence. Indeed, since DUs participating in our study attended DDRCs of densely populated towns and cities, the overwhelming majority of them were very likely real urban residents. Given that the degree of urbanization has been reported to be associated with illicit drug use and its consequences [39] , we conducted a post hoc analysis using population density of participating towns and cities (taken as a marker of urbanization) to verify the existence of this association also in our study. In particular, we chose a cut-off value that of the town/city having the median population density in the ordered list of participating centers. We found no significant difference in HCV incidence between the groups of towns/ cities with higher and lower population density compared to cut-off value (5.97 /100 PYAR (CI, 3.4-10.1) vs 5.10/100 PYAR (CI, 32.5-11.3; p = 0.81).
DUs' low risk perception of acquiring HCV through equipment sharing is a major obstacle to infection prevention, particularly considering that sharing practices are embedded in drug using group and interpersonal relationships. Educational programs should consider this aspect.
Combined HRIs, given at high coverage, are the best mean for limiting both high risk behavior and HCV transmission among DUs [3, 23, 26, 28, 30] . Nevertheless, global provision of key HRIs remains low [1, 28] . In Italy, HRI programs exist but they are far from being fully implemented, particularly as regards IEP [19] . The importance of IEP in blood-borne infections prevention among IDUs was already emphasized by one of us in a study analyzing the impact of a morphine prescription program on HIV spread among IDUs [40] .
In conclusion, our study showed a not negligible HCV incidence in a cohort of Italian drug users, mostly composed by NIDUs and DUs under OST. More efforts in reducing high-risk behaviors and further implementation and effective combination of HRIs would be needed. The reduction of reservoir of chronic carriers should be a priority. DUs should be systematically screened for HCV, and chronic carriers should be treated. HCV treatment with news direct acting antiviral agents could become the best prevention intervention, even if it is still too expensive [41] .
